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METHOD FOR DIAGNOSING MULTIPLE SCLEROSIS 

Field ofthe Invention 

The invention relates generally to a method for diagnosing multiple sclerosis and more 
particularly to a mefliod for diagnosing multiple sclerosis by measuring levels of antibodies to 
5 glycans in a biological sample. 

Background of the Invention 

Multiple sclerosis (MS) is a chronic autoimmune inflammatory disease ofthe central 
nervous system. It is a common cause ofpersistent disability in young adults. Inpatients 
suffering from MS, the immune system destroys the myelin sheet of axons in the brain and 

10 the spinal chord, causing a variety of neurological pathologies. In the most common form of 
MS, Relapsing-RCTiitting, episodes of acute worsening of neurological function 
(exacexbations, attacks) are followed by partial or complete recovery periods (remissions) that 
are free of disease progression (stable). It has been reported that ninety percent of patients 
with MS initially present with a clmically isolated syndrome because of an inflammatory 

1 5 demyelinating lesion in the optic nerve, brain stem, or spinal cord. About thirty percent of 
those patients with a clinically isolated syndrome progress to clinically definite MS within 12 
months aftar presentation. The subsequent progression of the disease can vary significantly 
from patient to patient The progression can range from a benign course to a classic relapsing 
- remitting, chronic progressive, or rare fulminant course. 

20 A method for diagnosing MS that fiacilitates early detection of clinically definite MS 

would be valuable for both managing the disease and providing counsel for the patient For 
example, patients diagnosed early with clinically definite MS could be offered disease 
modifying treatments that have recentiy been shown to be beneficial in early MS. 

Current methods for assessment and tracking progress of MS are based on assessment 

25 and scoring of patients' function in attacks and accumulated disabilities during the attacks. 
One assessment used to assess MS is the commonly used Expanded Disability Status Scale 
(EDSS). However, EDSS is based on a subjective assessment of patient function. 
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Methods for diagnosis can also include tracking brain lesions by Magnetic Resonance 
Imaging (MRl) or testing Cerebrospinal Fluid (CSV) for Oligo-Qonal Banding (OCB). MRI 
is a physical method for assessment of brain lesions and is expensive for routine use. 
Moreova:, the correlation between MRI results and disease activity is poor. Cerebrospinal 
5 Puncture is an un pleasant invasive procedure that is not suitable for routine use. In addition, 
both methods assess damage only after it has occurred; neither method can predict the onset 
of attacks. A further disadvantage in testing for OCB in CSF and MRI as a way to diagnose 
MS is that a negative OCB or MRI will not preclude the existence of MS. 

There is a need for a method that uses objectively assessed markers for diagnosing MS 
1 0 and for predicting the onset of attacks in patients sufiering from MS. 



Summary of the Invention 

The invention is based in part on the discovery that MS patients have elevated serum 
levels of auto antibodies of IgG, IgA, IgM that bind the glycan structures Glc (a)or Glc (a 1- 

15 4) Glc (a)or Glc (a 1-4) Glc (P) as compared to the serum levels of these autoantibodies in 
healthy individuals. In addition^ ttie same autoantibodies specific for these glycan structures 
are elevated during the exacerbation state as compared to the level observed in patients in 
remission and healthy mdividuals. A high correlation has also been observed between IgM 
anti-Glc (a)antibody serum levels in females, clinically diagnosed (relapsing-remitting) MS 

20 patients, and the women's EDSS ( Expanded Disability Status Scale ) score. The high 
correlation indicates that the levels of IgM anti-a-Glucose in serum can act as a clinical 
siUTOgate endpoint marker for the activity of the disease and a way to track the efficacy of a 
drug compound in clinical trials. 

Monitoring the levels of those antibodies in the blood of MS suspected patients 
25 facilitates quick and cost effective early diagnosis of MS patients and early prescribing of 
disease modifying drugs. Monitoring of the levels of those antibodies in the blood of defined 
MS patients will also enable quick and cost effective monitoring of the effects of prescribed 
drugs, and early detection of attacks, enabling early prophylactic treatment. 
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Among the additional advantages of the invention are that the existence of MS in 
patients can be deteimined at an earlier stage of the disease, when its symptoms may resemble 
many other MS-like diseases. Early diagnosis allows physicians to treat MS earlier in the 
course of the disease^ thereby minimizing or preventing tiie damage caused by the destruction 

S of myelin and disabilities brought about by this destruction. In addition, tiie methods 
disclosed herein enable physicians to follow MS patients regularly in order to assess the 
disease severity, to monitor therapy, and change treatment once signs for coming attacks 
appear. For example, an increase in biomarkers indicative of an MS attack may warrant 
administration to the patient of methylpredisone, which is a general anti inflaimnatory agent 

10 conmionly administered during attacks. 

The methods disclosed herein can also be used to select the best drug treatment for a 
specific patient For example, a patient may start the treatment coiurse with a certain drug, 
and tiie change in the marker levels will be indicative for the effectiveness of drag. Reversion 
of marker levels to a diseased state indicates the drug is losing effectiveness, and the drug can 

15 be replaced with a second drug after a short time period. Otherwise , a physician will have to 
wait for tiie next attacks to determine if the drug is effective for ttie specific patient 

The biomarkers disclosed herein can additionally act as a surrogate end point for 
assessing the response of a patient to the tested drug in a cost effective way. A soitogate end 
point based on a serological test fiunlitates efGcient testing of new potential MS drags. 

20 In one aspect, the invention features a method of diagnosmg multiple sclerosis in a 

subject. The method includes providing a test sample fiom a subject and detecting in the test 
sample at least one biomarker tiiat is an antibody that binds specifically to a glycan structure. 
The antibody can be, e.g., an anti-Glc (a) antibody, an anti- Glc (a 1-4) Glc (a) antibody, an 
anti- Glc (a 1-4) Glc (p) antibody, an anti - Glc (p) antibody, an anti- Gal (P) antibody; an 

25 anti- Glc (p 1-4) Glc (p 1-4) Glc (p)antibody, an anti- GlcNAc (p 1-4) GlcNAc (P)antibody, 
an anti - L-Araf (a)antibody, an anti - L-Rha (a)antibody, an anti - Gal (pi-3) [GlcNAc (pi- 
6)] GalNAc (a)antibody, an anti - Gal (p 1-4) GlcNAc (a)antibody, an anti- Gal (P 1-3) 
GalNAc (a), an anti- Gal (p 1-3) GlcNAc (P), an anti- GlcA (p) antibody, or an anti- GlcA 
(p) antibody, or an anti- Xyl (a) antibody. The levels of antibody or antibodies in the test 

30 sample are compared to a control sample, which is derived fiom one or more individuals who 
show multiple sclerosis symptoms and whose that have multiple sclerosis symptoms with a 
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known multiple sclerosis status, or from an individual or individuals who do not show 
multiple sclerosis symptoms. MS status can include, e.g., exacerbations, attacks, remissions, 
and stable stages of the disease. 

5 In various embodiments, at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17 or 

18 of these antibodies are detected. In some embodiments, the antibody detected in the test 
sample is an anti- Glc (a)antibody, an anti- Glc (a 1-4) Glc (a) antibody or both an anti- Glc 
(a) antibody and an anti- Glc (a 1-4) Glc (a) antibody. 

In some embodiments, the control sample consists essentially of a population of one 
10 or more individuals that do not show symptoms of a multiple sclerosis . In other 

embodiments, the control sample consists essentially of a population who do show symptoms 
of a multiple sclerosis. The presence ofMS in the control sample can be determined using 
techniques known in the art, e.g., an Expanded Disability Status Scale (EDSS) assessment or 
a Magnetic Resonance Imaging (MRI) assessment, or both. 

15 The test sample can be, e.g., a biological fluid. Examples of biological fluids include, 

e.g., whole blood, serum, plasma, spinal cord fluid, urine, or saliva. 

The subject can be either a female or a male. 

The antibody detected can be, e.g., an IgM type or an IgA type or an IgG antibody. 

In some embodiments, the type of multiple sclerosis detected is early multiple 
20 sclerosis. 

Also provided by the invention is a method of diagnosing a multiple sclerosis 
exacerbation in a subject The method includes providing a test sample from a subject and 
detecting an anti-Glc (a)IgM type antibody and/or an anti-Glc (a 1-4) Glc (a) IgM type 
antibody in the test sample. The levels of the antibody in the test sample are compared to a 
25 control sample, which is derived from one or more individuals whose multiple sclerosis status 
is known. 

In some embodiments, the control sample consists essentially of a population of one 
or more individuals that do not show symptoms of a multiple sclerosis exacerbation and 
whose multiple sclerosis status is in remission. A multiple sclerosis exacerbation is 



wo 2004/015420 



PCT/IB2003/003878 



diagnosed in the subject if more anti Glc (a)antibody or anti- Glc (a 1-4) Glc (a)antibody is 
piesent in the test saiiq>le fiian in fbe control sample. In other embodiments, ihe control 
sample consists essentially of a population of one or more individuals that show symptoms of 
a multiple sclerosis exacerbation, and a multiple sclerosis exacerbation is diagnosed in the 
5 subject if levels of anti-Glc (a)IgM type antibody and/or anti- Glc (a 1-4) Glc (a)IgM type 
antibody are present in similar amounts in the test sample and the control sample. 

The test sample can be, e.g., a biological fluid. Examples of biological fluids include, 
e.g., whole blood, serum, plasma, spinal cord fluid, urine, or saliva. 

The subject can be either a female or a male. 

10 The antibody detected can be, e.g., an IgM type or an IgA or an IgG type antibody. 

fii some embodiments, the diagnosis is an early diagnosis of multiple sclerosis 
exacerbation. 

hi some embodnnaits, the subject has been treated with an MS therapeutic agent, e.g., 
interferon beta or glitamerer kcetate administered subcutaneously. 

1 5 Also within the invention is method for assessing multiple sclerosis disease severity in 

a subject The method includes providing a test sample fiom a subject and determining 
whetiier the test sample contains an anti-Glc (a)IgM type antibody and/or an anti Glc (a 1-4) 
Glc (a)IgM type antibody. The amount of antibody in the test sample is compared to the 
amount of the antibody in flie control sample, which is derived bom one or more individuals 

20 whose multiple sclerosis disease severity is known. 

In some embodiments, the control sample consists essentially of a population of one 
or more individuals whose multiple sclerosis disease severity is defined by Expanded 
Disability Status Scale (EDSS), changes m an EDSS score, or a Magnetic Resonance hnaging 
(MRS) assessment 

25 The test sample can be, e.g., a biological fluid Examples of biological fluids mclude, 

e.g., whole blood, serum, plasma, spinal cord fluid, urine, or sahva. 

If desired, the method may fiirther include selecting a therapeutic agent for treating 
multiple sclerosis by selecting a therapeutic agent and dosage regunen based on the relative 
levels of flie antibody or antibodies in the test sample and the control sample. 
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Li some embodiments, higher levels of antibodies in the test sample relative to the 
control sample indicate selection of a therapeutic agent and dosage regimen that is 
subcutaneous administration of interferon beta(BETAFERON®, AVONEX®, REBIF®) or 
subcutaneous administration of glitamerer acetate (COPAXONE®). 

5 The subject can be either a female or a male. 

Also provided by the invention is a kit for diagnosing symptoms associated with 
multiple sclerosis. The kit include a first reagent that specifically detects an anti - Glc 
(a)antibody, a second reagent that specifically detects an anti- Glc (a 1-4) Glc (a)antibody, 
and directions for using die kit The kit optionally includes a reagent that specifically detects 
10 an IgM type antibody. 

Also within the invention are substrates that include reagents that specifically detect 
the antibodies disclosed herein, e.g., an anti-Glc^(a) antibody, an anti- Glc (a 1-4) Glc 
(a) antibody, an anti- Glc (a 1-4) Glc (P) antibody, an anti - Glc (p) antibody, an anti- Gal 
(P) antibodjr, an anti- Glc (p 1-4) Glc (P 1-4) Glc (p)antibody, an anti- GlcNAc (P 1-4) 
1 5 GlcNAc (P)antibody, an anti - L-Araf (a)antibody, an anti - L-Rha (a)antibody, an anti - Gal 
(pi-3) [GlcNAc (pl-6)] GalNAc (a)antibody, an anti - Gal (p 1-4) GlcNAc (a)antibody, an 
anti- Gal (P 1-3) GalNAc (a), an anti- Gal (P 1-3) GlcNAc (P), an anti- GlcA (P) antibody, or 
an anti- GlcA (p) antibody, or an anti- Xyl (a) antibody. The substrate can be, e.g., planar. 

In a further aspect, the invention provides a method of selecting a therapeutic agent 
20 for treating multiple sclerosis. The method includes providing a test sample from a subject 
diagnosed with, or at risk for, multiple sclerosis and determining whetha: the test sample 
contains an anti-Glc (a) antibody. Levels of the antibody in the test sample to are compared 
to levels of antibody in a control sample consistmg essentially of one or more individuals 
whose multiple sclerosis disease severity is known. A therapeutic agent and dosage regimen 
25 is selected based on the relative levels of the antibody in the subject sample and the control 
sample. 

In some embodiments, the method fhrflier includes determining whether the test 
sample contains an anti- Glc (a 1-4) Glc (a)antibody and comparing the levels of the anti- 
Glc (a 1-4) Glc (a)antibody in the test sample to levels of antibody in a control sample 
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consisting essentially of one or more individuals whose multiple sclerosis disease severity is 
known 

In some embodiments, ttie control sample consists essentially of one or more 
individuals whose status is no multiple sclerosis or stable multiple sclerosis. 
5 Unless otherwise defined, all technical and scientific terms used herein have the same 

meaning as commonly understood by a person of ordinary skill in liie art to which this 
invention belongs. Although methods and materials similar or equivalent to those described 
herein can be used in the practice or testing of the present invention, suitable methods and 
materials are described below. All publications, patent applications, patent, and other 
10 references mentioned herein are incorporated by reference in their entirety. In the case of 
conflict, the present specification, including definitions, will control In addition, the 
materials, methods, and examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent fix>m tiie following 
detailed description and claims. 

15 Brief Description of the Drawings 

FIG. 1 shows tiie decision tree for determining that a MS suspected patient actually 
has MS. 

FIG. 2 shows tiie decision tree for selecting a dmg and dose for an MS patient based 
on levels of anti Glc (a 1-4) Glc (a) or Glc (a) antibodies. 

20 FIG. 3 shows the decision tree for prediction and early diagnosis of attacks in MS 

patients. 

FIG. 4 is a table showing the relative fluorescence firom binding of different anti 
glycan antibodies in MS patients as well as in normal individuals. The glycans stmctures are 
presented in the upper line of the table in UNEARCODE® syntax. 

25 FIG. 5 shows the average and median signal for anti glycan antibodies to various 

glycans from sera extracted firom MS patients versus normal control sera. The glycans 
stmctures are presented in UNEARCODE® syntax. 
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FIG. 6 is a graph showing the differences between average signals of MS and healthy 
individuals, bans represents standard deviation. The glycansstmctuies are presented in 
UNEARCODE® syntax. 

FIG. 7A is a graph showing the average signal fix)m binding of anti Glc (a) , (Glycan 
5 #1 l)and Glc (a M) Glc (a), (Glycan #12)IgM in MS and healthy populations. 

FIG. 7B is a graph showing the average signal from binding of anti Glc (a) Glycan 
#1 1 and Glc (a 1-4) Glc (a) Glycan #12IgM in MS patients in attack, stable MS patients and 
healthy populations. 

FIG. 8 is a graph showing the correlation between relative fluorescence from adhesion 
10 of anti Glucose alpha IgM antibodies in anti Glc (a) positive MS patients (left box) negative 
MS patients (right box) samples and their EDSS levels. 

FIG. 9 is a graph showing the temporal stability of the signal from binding of IgM, 
IgG and IgA anti glycan antibodies over 13 weeks in 7 healthy individuals. 

FIGS. lOA-lOE show the glycan array; chemical structure, specificity of Lectin 
1 5 interaction and reproducibility. FIGS. 1 OA shows an p-amino phenyl P-saccharide 
covalently linked at its reducing end to a solid surface via a linker. 

FIG. lOB shows batch-to-batch reproducibility of binding of biotinylated WGA to the 
glycan array. Three separate batches of arrays were assayed simultaneously with biotinylated 
WGA 

20 FIG. IOC shows a competition assay with ConA to bound Man (a). Increasing 

concentrations of soluble Maimose or Gal (P 1-4) Glc were incubated with biotinylated 
ConA (L5p,g/ml) for Ihr, and detected with Streptavidin conjugated to Europiimi. 

FIG. 1 OD shows the specificity of lectin binding to different anomers. ConA binding 
to negative control Glycerol (19), Man (a) (26) and Man (P) (27). GSI binding to -Gal (a) 
25 (1), Gal (P) (2), GalNAc (a) (7), and GalNac (P) (8). 

FIG. lOE shows plate-to-plate reproducibility of the glycan array. Five identical plates 
presenting GlcNac (p)were probed with biotinylated WGA. 

-8- 
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FIG. 1 1 shows Hie giycan binding profile of a healthy human population. Anti- 
caifoohydrate antibody binding to assorted glycans (see Table 5 for glycan structures) in serum 
samples from 72 individuals as measured wifli biotinylated Protein A. Each dot represents the 
average of two e;q>eriments, each done in quadmplicate. The box includes signals of 50% of 

5 the population. The thick and thin lines in the box represent fte mean and median values, 
respectively. The boundary of the box closest to zero indicates the 2Stfa percentile, and the 
boundary of tiie box fertfaest &om zero indicates the 75th percentile. Whiskers above and 
below the box indicate the 90th and lOfli percentiles. The level of nonspecific signal 
measured was defined empirically; Glycans against which antibody levels were found to be 

1 0 relatively low and highly variable between experimrats were designated to define background 
level (not shown). The average signal value for these glycans was calculated and subtracted 
from the signal obtained for each serum sample and particular glycaiL The average 
background was 3X10^ RFU. TBST is Tris-buffered Saline with Tween-20 (see Experimental 
Protocol). 

1 5 FIG. 12 shows flie signals of individual sera against a series of glycans. The anti- 

glycan antibody binding measured in relative fluorescence units (RFU) were transformed 
using a histogram equalization-like method which employs a monotonic, non-linear mappmg. 
This way, the RFU values were re-assigned to range between 0 (blue) and 255 (red). The data 
were clustered using a simulated annealing algorithm. 

20 FIGS. 13 A-13C show the binding profile of aflBnity purified (A) anti-L-Rha (a) (B) 

anti-GlcNAc (a) and anti- GlcNAc (p l-4)GlcNAc (P) and (Q anti-Glc (P 1-4) Glc (p 1-4) 
Glc (P) and anti- GlcNAc (P 1-4) GlcNAc (p) antibodies to an array of 33 glycans. The 
glycans stmctores are described in Table 5. Amount of antibody bound was measured using 
biotinylated Goat Anti-human IgG antibody. 

25 FIGS. 14A and 14B show the specificity of anti- Glc (P 1-4) Glc (p 1-4) Glc (P) 

antibody. (A) Competitive inhibition of anti- Glc (P 1-4) Glc (p 1-4) Glc (p) antibody 
binding. Inhibition of bmding of affinity purified anti- Glc (P 1-4) Glc (p M) Glc (P) 
antibody to p-amino phenyl-p- Glc (p 1-4) Glc (p 1-4) Glc (p) immobilized to tiie well 
surfece as a fiinction of Glc (P 1-4) Glc (P 1-4) Glc or Gal (p 1-4) Glc concentration. The 

30 amount of antibody bound was measured using biotinylated Goat Anti-human IgG antibody. 
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(B) Binding of anti- Glc (p 1-4) Glc (p 1-4) Glc (p) (A) and anti-L-Rha (a) (B) antibodies to 
Hieir cognate saccharide after incubation with crystalline or amorphous cellulose. The amount 
of antibody bound was measured using biotinylated Goat Anti-human IgG antibody. 

FIGS. 15A-15C are graphic representations of bindings of IgG, IgA, and IgM isotypes 
5 of healthy individuals to the indicated glycans. 

FIG. 16A is a matrix representation of glycans used to examine sera of atherosclerosis 
patients suffering from unstable or stable angina. Glycans against which significantly 
different antibody levels were measured in the different patient groups are labeled with filled 
squares. Glycans are listed in table 4. 

1 0 FIG. 1 6B is a graphic representation showing levels of antibodies against 

glycans ifl and #29 in the three patient groups; unstable, stable, and non 
atherosclerotic. The box includes signals &om 50% of the population. The thick 
and thin lines in the box represent the mean and median values, respectively. The 
boundary of the box closest to zero indicates the 25th percentile, and the boundary 

IS of the box farthest fix>m zero indicates the 75th percentile. Whiskers above and 
below the box indicate the 90th and 1 Ofli percentiles. 

FIG. 17 is a histogram showing the number of samples in the three patient groups 
positive for anti-IgA antibodies against glycan #2 or glycan #29, 

FIG. ISA is a histogram showing the distribution of antibody levels against glycans 
20 #2 and #15 in the three patient groups. The box includes signals from 50% of the population. 
The thick and thin lines in the box represent the mean and median values, respectively. The 
boundary of the box closest to zero indicates the 25th p^centile, and the boundary of the box 
farthest from zero indicates the 75th percentile. Whiskers above and below the box indicate 
the 90th and 10th percentiles. 

25 FIG. 1 8B is a histogram showing the number of samples in the tiuree patient groups 

positive for anti-IgA antibodies against glycan #2 or glycan #15. 

FIG. 19 is a graphical representation of the specificity and sensitivity based on anti- 
IgA antibodies levels against glycan #2, glycan #15, glycan #17, and glycan #49. A - 
Atherosclerosis; S - Stable; US - Unstable; NA - Non-Atherosclerosis. 

-10- 
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FIG. 20 is a histogram showing fl» binding profile of €304+ cells &am a single 
individual to various glycans. Gtycan staictuies represented in UNEARCODE® syntax 

FIG. 21 A is a graph showing flie median relative fluorescence for CD4+ cells from 
each of flie seven individuals Glycan structures represented in LINEARCODE® syntax. 

5 FIG. 21B shows fhe signals of individual sera against a series of glycans. The anti- 

glycan antibody binding measured in relative fluorescence units (RFU) were transfooned 
using a histogram equalization-like metiiod which employs a monotonic, non-linear mapping. 
This way, the RFU values were re-assigned to range between 0 (blue) and 255 (red). The data 
were clustaied using a simulated annealing algorithm. 



Detailed Description of the Invention 

The methods provided herein allow for early diagnosis of mitial and recurring 
multiple sclerosis using objectively assessed biomarker levels. The current decision tree for 
15 diagnosing a patient with MS is described in no. 1. A patient with acute worsening of 
neurological function initially has to be diagnosed as a defined MS patient before being 
eUgible for treatment with disease modifying drugs. The physician will have to determine if 
the patient has MS like symptoms (such as Younger stroke. Lupus, Vitamin B-12 deficiency, 
Anti phospholipid syndrome. Severe Migraine) or if they actually have MS. The patient will 
20 have to experience a second acute worsening of neurological function (attack) before being 
diagnosed as a MS patient and be able to start chronic treatment with a MS therapeutic agent 
such as mterferon beta or glatiramer acetate. 

Currently, physicians are usmg MRI for the identification of Ae existence of brain 
lesions and/or the testing of Cerebrospinal Fluid (CSF) for OUgo Clonal Banding (OCB). If 
25 MRI gives a clear result regarding the existence of brain lesions or the presence of OCB m tt 
CSF, the physician may start treatment immediately in order to prevent silent brain lesions. . 
diagnosis of fiiU MS diagnosis is currently made only after the second attack. In case MRI 
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does not give a clear result or there are no OCB in the patients CSF, no MS is diagnosed and 
treatment is delayed until following a second attack. 

The method disclosed herein can be performed by extracting blood from a patient with 
acute worsening of neurological function and suspected to have MS. The method can identify 
5 the existence of MS by measuring anti-Glc (a) and anti-Glc (a 1-4) Glc (a) IgM level. If the 
level of at least one of these antibodies is significantly higher then the average level of these 
antibodies in sera of healthy individuals, the patient is diagnosed as an MS patient without Ihe 
need to wait for a second attack. In addition, the quick diagnosis allows for treatment to begm 
immediately. 

10 One first line of treatment for MS is interferon p (e.g., INF(}-la and INFp-lb). The 

current evaluation of effectiveness and required dosage of the dmg is based on continued 
monitoring of several clinical scores. Currently, the EDSS score and its change over time 
(e.g., by comparing the difference in the EDSS every 3-6 months) is flie main clinical 
parameter for disease management. An important component of the assessment is the level of 

15 fatigue and depression experienced by the patient. The fatigue and or depression can be a 
symptom of MS, as an autommiune disease, or a side effect from the usage of interferon beta. 
Identifying the cause of the fatigue is important for managing the treatment. For example, if 
the fatigue is a result of a side effect of the interferon, the physician will consider lowering 
the dosage or even exchanging it for another drug. However, if the fatigue is due to the MS 

20 symptoms, the physician will have to consider increasing the drug dosage (see FIG. 2). 

Screening the patient's blood and determining the level of biomarkers disclosed 
herein, e.g., the IgM antibodies anti Glc (a) and anti Glc (a 1-4) Glc (a) herein allows for 
accurate monitoring of therapy. Significantly decreases in antibody levels indicates that the 
patient is responding well to flie given drug. 

25 Early detection of attacks 

Currently fliere is no way to predict the onset of attacks in MS patients. MRI and 
clinical evaluation of the patients can only reveal damage that has already occurred. 
Periodical measurement of the level of a few anti glycan antibodies (for example anti- Glc 
(a) IgM or anti- Glc (a 1-4) Glc (a) IgM) in the patient's blood according to the method 

-12-- 



PCT/IB2003/003878 



wo 2004/015420 



PCT/IB2003/003878 



described heidn allows for physicians to identify upcoming attacks based upon an increase in 
levels of these antibodies. Levels of these antibodies are significantly higher in tibe blood of 
patients in MS attack situations vs. patients in a stable state (see FIG. 7). Upon detection of 
an inciease in fliose antibodies, the physician can start an aggressive steroid treatment to 
5 reduce &e inflammation and prevent damage to the myelin (see FIG. 3). 

Also provided herein are methods of identifying and assessing individuals with 
atherosclerosis at risk for stable and unstable anghia using antibody biomaricers specific for 
glycans, as well the use of immobilized glycans to detect cells of interest 

Various glycans structures are discussed in this application. The glycans are presented 
10 either in the Intemational Union of Pure and Applied Chemistry ( lUPAC) condensed form 
for nomenclature carbohydrate r^resentation or in UNEARCODE® syntax, for Unearcode 
syntax principals see (Banin E. Neuberger Y. Altshuler Y. Halevi A. Inbar O. Dotan N. and Dukler 
A. (2002) A Noval Liner Code Nomenclature for conq)lex Carbohydrates. Trends in Glycoscience 
and Glycotechnology Vol. 14 No. 77 pp. 127-137) . Translation of LINEARCODE to lUPAC 
15 representation is in Table 1. All the glycan structures that discussed in this disclosere, unless 
mentioned otherwise are connected to m the indicated anomericity a or p through linker to 
solid phase as described in Figure 10 A. 

The invention will be illustrated in the following non-limiting examples. 

20 Example 1» Comparison between antiglycan antibodies in the serum of multiple 
sclerosis (MS) patients and normal population 

An anti-glycan antibody (Igs) profile was obtained usmg GlycoChipi© arrays 
(Glycominds, Ltd., Lod, Israel, Cat No. 9100). The arrays were constructed usmg procedures 
described in WOOO/49412. Anti-glycan antibody profiles of 40 multiple sclerosis patients 
25 and 40 sex and aged matched normal blood donors were compared. 

All serum samples were tested using GlycoChip® plates (Glycominds Ltd., Lod , 
Israel, Cat No. 9100), which was an array of mono and oligosaccharide covalently attached to 
a reduced volume 384 wells micro titer plate. The mono and oligosaccharides displayed on 



-13- 



wo 2004/015420 



PCT/IB2003/003878 



the airay ate listed in FIG. 4. A tcanslation of the LineaiCode™ syntax used to describe 
glycan structure to lUP AC nomenclature can be found in Table 1 . 

The sera of healthy volunteers and MS patients volunteers who had signed an 
informed consent form were collected in evacuated silicon coated gel containmg tubes (Estar 
5 Technologies Cat^^ 616603GLV). The sera were separated from the blood cells and kept 
fix>zen in -25° C until use. They were anal>^d in two separate experiments, each repeated 
twice on separate days. 

Sera from volunteers were diluted (1:20) m TBST dispensed into a GlycoChip® plate 
using a Tecan Genesis Workstation 200 robot (lOpL/well) and incubated 30 min at 25° C. 
10 There were 4 repeats for each glycan and semm sample on the plate. 

The plates were washed with 250 inUwell of high salt buffer (0.1 5M KNa pH 7.2, 
NaCl 2M, MgS04 0.085M, 0.05% Tween20) in an automatic plate washer (Tecan, 
PowerWasher™). Ten iiU/well of biotinylated protein A (ICN 62-265), Ifig/ml in TBST, was 
dispensed manually and the plates incubated for 30 min at 25° C. The plate was washed again 
1 5 with high salt buffer. 

Streptavidin-conjugated Europium, Wallac, AD0062 (Iji/ml, 10|al/well) was added 
manually followed by incubation for 30 min at 25° C in the dark. Washing of the plates with 
the high salt buffer was repeated. Delfia™ enhancement buffer, (Wallac, 730232, lOfJ/well) 
was added to the wells and the plates were incubated at least 30 min in the dark. The 
20 fluorescence of the wells was read with Victor 1420 (Wallac) using time resolved 
fluorescence settmgs Emi 612iun and Ext. 340ran. 

The profiles of all the tested patients are displayed in FIG. 4. The upper 40 lines QSAS) 
describe the anti-carbohydrate level of MS samples, and the lower 40 lines (NC) describe the 
anti-carbohydrate level of samples from normal control population; The values presented are 
25 absolute values without background reduction. Since the detection of bound antibodies was 
done with biotinylated protein A, which binds to IgG, IgA and IgM., the signal represents the 
total binding of antibodies from all sub types IgG, IgA and IgM. 

A comparison between the average and median values of anti-carbohydrate antibodies 
in the MS and normal populations reveals significant differences between the samples from 
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the MS patients and the samples from flie nomial population, see FIG.5 . One example of a 
major difference observed between the two groups is ttie average signal to the glycan Ga4Gb. 
A t-test showed that the difference is higjdy statistically significant (a=0.05; p<0.001). 
Anotiier example is Ab3(GNb6)ANa ,(cH).05; p<0.001). There are significant differences 

5 between the medians of signals of MS and normal population regarding antibodies bound to 
the foUowing glycans: Glc (a), Glc (a 1-4) Glc (a), Glc (a M) Glc (p), Glc (P), Gal (P), Glc 
(P 1-4) Glc (P 1-4) Glc (p), GlcNAc (p 1-4) GlcNAc (p), L-Araf (a), I^Rha (a), Gal (pl-3) 
[GlcNAc (pl-6)] GalNAc (a), Gal (p 1-4) GlcNAc (a). Gal (P 1-3) GalNAc (a), Gal (p 1-3) 
GlcNAc (p), GlcA (P), GlcA (P), Xyl (a). The signal from bound antibodies in MS group is 

10 higher then the signal in tiie normal control gmup. 

FIG. 6 presents the difiBsrence between the average binding values of anti-glycan 
antibodies between the populations. 

Example 2. Differences in the levels of antirGlc (a), and anti-GIc (a 1-4) Glc (a), a IgM 
1 S antibodies in the serum between MS patients in attack , stable MS patients and Healthy 
population* 

A glycan array was used to search for biomarkers among the human serum glycan 
binding antibody repertoire to differentiate between a healthy population and a group of 
Multiple Sclerosis (MS) patients, and between MS patients in exacerbation and remission 

20 stages. This example demonstrates that two IgM antibodies, anti-Glc (a) and anti-Glc (a 1-4) 
Glc (a), are found at significantly higher levels in MS patients than in healthy people 
(sensitivity and specificity of 60% and 93%, respectively), and in MS patients in an 
exacerbation stage relative to patients in a remission stage (sensitivity and specificity of 89% 
and 71%, respectively). Also provided is an anti-glycan antibody profile for a healthy 

25 population, including a range of variation during a 13 week interval. 

The temporal stability of antiglycan antibodies profile over 13 week m apparentiy 
healthy individuals was high. The low levels and of anti-Glc (a)and anti- Glc (a 1-4) Glc (a) 
IgM in a normal population, and their high level in MS patients, and the high temporal 
stability of anti glycan antibodies suggests that this anti Glc (a)and and-Glc (a 1-4) Glc 
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(a)IgM can serve as biomarker for early diagnosis, early prescribing of drugs, monitoring 
drug effects and early detection of attacks. 

All serum samples were tested using GlycoCbip® (Glycominds Ltd., Led, Israel). The 
glycans were covalently boimd to the plastic surface through a linker as previously described 
5 (W O02/064SS6). A list describing the mono- and oligosaccharides tested is provided in 
Table 1. 

Blood samples were obtained from apparently healthy blood donors under an 
informed consent protocol approved by the Helsinki Human Studies Ethical committees of 
the Belinson Medical Center in Tel- Aviv, Israel, and Carmel Medical Center in Hai&, Israel. 
10 Blood samples were collected from MS patients admitted to the Multiple sclerosis Clinic in 
Carmel Medical Center in Haifa, Ismel. The blood samples were collected in evacuated 
silicon coated tubes containing gel for the separatioir of sera from tiie blood clot (Estar 
Technologies). After coagulation of the blood, serum was separated by centrifugation and 
collected. Samples were stored frozen at -25^C until used. 

15 The volume of all solutions added to the glycan array was lOnl/well. The sCTa were 

diluted (1:20; saturating concentration) in 0.15M Tris-HCl pH 7.2, 0.085M Mg2S04, 0.05% 
Tween 20 (TBST) containing 1% BSA (Sigma), dispensed mto glycan array plates using a 
Tecan Genesis Workstation 200 automated handling system, and incubated for 60min at 
3TC. The plates were then washed with 250 pL/well Phosphate buffered Saline with 0.05 % 

20 Tween 20 (PBST, Sigma) in an automatic plate washer (Tecan, PowerWasher™). At this 
point the following reagents, diluted in TBST wifli 1% BSA, were added using a Multidrop 
384 dispenser (Thermo Labsystems) and incubated for 60 min at 37^C: for IgG, IgA, and IgM 
determination - the respective sub-class specific biotinylated goat anti- human Ig antibody 
(Jackson, PA, USA) at 2.8ng/ml, S^ig^ml, and 0.9jig/ml, respectively; for total Ig 

25 determination - biotinylated Protein A (1 |xg/ml, ICN Biomedicals). Following washing with 
PBST, Streptavidin-conjugated europium (0.1)ag/ml) diluted in TBST with 1% BSA was 
added to each well followed by incubation for 30 min at 37°C in the dark, and washing with 
PBST. Delfia™ enhancement solution was then added to the wells and the plates were 
incubated for 30 to 45 min in the dark at room temperature. The fluorescence of the wells was 
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read with a Victor 1420 (Wallac, Finland) plate teader using time resolved fluorescence 
settings of 340/612 mn (Excitation/Emission). 

Differences in the levels of anti-G lc (a)and-Glc (a 1-4) Glc ( a^a leM antibodies in the senm 
between MS patients in attack , stable MS patients and h eallfav population, 

5 

Serum samples were obtained from MS patients adDiitted to an outpatient clinic for 
regular examination after they signed informed consent forms. The patient group was 80% 
female, approximately reflecting the gender ratio in the general MS population. In accordance 
with pubUshed data (Ritchie et al., J. Qin. Lab. Anal. 12:363-70, 1998), significantly higher 

10 levels of IgM (but not IgG or IgA) antibodies were observed in sera from both healthy and 
MS women as compared to men (not shown). The analysis was therefore limited to the 
female MS and healthy sub-populations only. Sera of MS patients were initially screened on 
54 glycans (Table 1) for the presence of IgG, IgM and IgA anti-glycan antibodies with the 
purpose of identifying markers that would confirm patients with single acute demyelinating 

1 5 events as MS, and markers that would distinguish between patients during the exacerbation 
and remission stages of the disease. The experiment was repeated twice using five out of the 
54 glycans against which some differences between the groups were found in the mitial 
round. 

A reproducible and statistically significant difference in the levels of IgM anti Glc 
20 (a)and anti-Glc (a 1-4) Glc (a)antibodies was found between the healthy and MS groups 

(FIG. 7 A), but no significant differences in IgG or IgA levels were foxmd in these studies(not 
shown), hi sera of both groups of MS patients the levels of IgM anti-Glc (a)and anti-Glc (a 
1-4) Glc (a) were significantly higher than in the healthy population. An arbitrary set optimal 
cut-off value (the 97% percentile signal of the "healthy* population) was used to identify 
25 positive samples above - and negative samples - below tiie cut-off value. Thus, anti-Glc 

(a)binding signals identified correcfly 19 out of 42 MS samples (45 % sensitivity) and 42 out 
of 44 apparenfly healfliy sera samples (96 % specificity). Measurement of anti-Maltose 
bindmg identified correctly 48% of the MS sera and 95% of the apparenfly healfliy sera 
samples. Defining positive as a sample which signal is above the cut-off value in either the 
30 anti-Glc (a)or Glc (a 1-4) Glc (a) assays, improves the sensitivity to 60 %, and leaves 
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Specificity at 93% (Table 2). The differential distribution of anti*Glc (a)and anti- Glc (a 1-4) 
Glc (a) antibodies in patients during the exacerbation and remission stages of the disease was 
significantly higher levels in the former group (FIG. 7B). No difference was found between 
untreated patients or patients treated with interferon-p (not shown). Using as a cut-off of the 
5 80% percentile of the "stable" MS population, it was determined that anti-Glc (a)binding 
signals identified correctly 15 out of 18 "attack" samples (83 % sensitivity), 19 out of 24 
"stable" samples (79 % specificity relating to stable as symptom free), and 42 out of 44 
•^healthy** samples (95 % specificity). Measurement of anti-Maltose binding identified 
conrectly 72% of the attack sera, 79 % of the "stable" sera, and 97% of the 'Tiealthy sera". 

10 Defining a positive as a sample which signal is above the cut-off value in either the Glc 

(a)OR Maltose assays, results in sensitivity of 89 %, and specificity of 71 % and 95% relative 
to "stable" or "healthy" samples, respectively (Table 3). The high specificity and sensitivity of 
the anti-Glc (a)and anti- Glc (a 1-4) Glc (a) IgM antibodies make them an efficient tool for 
early diagnosis and definition of MS patients. The frict that the levels of these antibodies in 

15 MS attack situation are much higher then in stable situation make them a tool for early 
identification and prediction of attacks in relapsing remitting MS patients. 

A high correlation between IgM anti-Glc (a)antibody serum levels in female, 
clinically diagnosed (relapsing-remitting) MS patients, who defined positive for having Ig^ 
anti-Glc (a)antibody ( as described above), and the women's EDSS (Expanded Disability 

20 Status Scale ) score was observed, see FIG. 8, left box. There was no correlation between 
EDSS and the IgM anti-Glc (a)antibody levels in serum for females, clinically diagnosed 
(relapsing-remitting) MS patients, who defined negative for having IgM anti-Glc (a) 
antibody, see FIG. 8 left box. The high correlation indicates that the levels of IgM anti-Glc 
(a)in serum can act as a molecular surrogate biomarker for evaluation the activity of the 

25 disease. 

Temporal ranee of anti-glvcan antibodv levels 

When considering any biological parameter for the use as a surrogate biomarker, it is 
obviously a prerequisite that the biomarker is not variable in time in the normal population. 
Thus, the serum levels of IgG, IgA, and IgM anti- L-Rha (a), anti-GlcNAc (a), and -anti Glc 
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(p 1-4) Glc (p 1-4) Glc (P) (P Cellotriose), antibodies in seven healthy volunteers were 
followed for 13 weeks (FIG. 9). In general, the serum antibody concentrations were found to 
vary between the different individuals, but to be quite stable over time. For example, sera 
#9161 and #9162 have extremely high and temporally stable relative levels of feA. anti- 

5 GlcNAc (a)and Glc (P 1-4) Glc (p 1-4) Glc (p)antibodies, respectively, but relatively normal 
levels of IgA anti L-Rha (a)antibodies and IgG and IgM antibodies. When changes in 
antibody level do occur they axe frequently gradual and continue over several weeks (e.g. 
serum #9162; IgA anti- Glc (P 1-4) Glc (p 1-4) Glc (p)), but can also be sudden, e.g. serum # 
9172; IgM anti- L-Rha (a), which suddenly increases between week four and five and then 

10 again slowly returns to its basic level. 

Example 4« Anti-glycan antibody proffle (AGAP) in a normal human population 

Total Ig antibody binding (as detected with Protein A) of 72 mdividual sera to 34 
mono- and oligosaccharides (Figure 1 1 and Table 5), and IgG, IgA, and IgM binding of 200 
sera to sbc mono- and oligosaccharides (Figure 15A-C) was determined. The strongest signals 

1 5 were recorded for antibodies against GlcNAc (a)and L-Rha (a), while lower levels were 
observed against p4-linked oligosaccharides of glucose, GlcNAc (P), GlcNAC (P 1-4) 
GlcNAC (P), Gal (a) and Gal (a 1-3) Gal (P 1-4) GlcNAc (p). This is in good agreement with 
previously published data showing the distribution of anti-glycan antibodies in a 
commercially available human serum pool CWO02/064556). The AGAP of subclasses IgG 

20 and IgA were similar to the total Ig AGAP, while that of IgM was lower and more uniform 
among the different glycans. The anti-glycan antibodies of the population tended to fit a 
lognormal distribution see FIG. 15A-15C. It is evident that considerable variation m anti- 
glycan antibody levels exists between mdividuals within the population examined, a fact that 
suggests the existence of mdividual AGAPs, but limits the search of markers to anti-glycan 

25 antibodies present at low amounts. 

Glycans immobilized on beads affinity beads have also been used to purify antibodies 
to p4-linked oligosaccharides of glucose and L-Rha(a). Their binding profile and specificity 
are described in FIGS. 13, 14A and 14B. 
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Example 8. Use of anti-glycaii antibodies to differentiate between high risk 
atherosclerosis patients with vuhierable plaques and low risk atherosclerosis patients 
with stable plaques 

Levels of anti-glycan antibodies in the sera of afherosclerosis patients with vulnerable 
5 plaques were compared to levels of glycan antibodies in serum of atherosclerosis patients 
with stable plaques, as well as individuals without afherosclerosis. 

Atherosclerosis is a major cause of morbidity and mortality in developed countries. It 
is a systemic disorder of blood vessel walls that leads to the development of atherosclerotic 
plaques on the blood vessel walls. Some of these plaques latCT become vulnerable to rupture, 
1 0 causing blood clots leading to heart attacks or stroke. 

The main components of atherosclerotic plaques are proteoglycans, lipids, muscle 
cells, and white blood cells (T-ceUs and macrophages). In addition, atherosclerosis is 
perceived as an autoinunune disease where one of its initiators is cross reactivity between 
antibodies to bacterial antigens and the antigens on blood vessel walls. 

15 An important point in the development of atherosclerosis is the shift from Stable 

Plaques (SP), which are associated with low risk, to inflamed Vuhierable Plaques (VP), 
which are associated with high risk. Differentiating between SP and VP is clinically 
problematic, as a conclusive distinction can be made only a by post- mortem autopsy. 

Serum samples where supplies by Dr. Jacob George from the cardiology department 
20 in the Tel Aviv Medical Center, Israel. All patients were non-diabetic males with an age 
range from 30 to 69. 39 serum samples of patients from the following types were tested: 

Ufistable Angina - 13 Atherosclerosis patients characterized as having Acute 
Coronary Syndromes (Q wave or non Q wave myocardial in&ictions). Both are considered to 
develop from rupture of vulnerable plaques. Members of the Unstable Angina group 
25 included acute coronary syndrome patients admitted with chest pain and ECG changes or 
cardiac marker elevation. They complained of recent onset (<3 days) of angina and were 
subjected to continued electrocardiogram (ECG) telemetric monitoring during admission. At 
least one episode of rest angina or an episode lasting more then 20min during last 48hr was 
detected, along with an increase in creatine kmase, MB levels or Troponin levels. Members 
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of flus group had und^gone coicnary angiography (caflieterization), which documented flie 
presence of coronary alherosclmsis. 

Stable Angina - 13 Afherosclerosis patients were characterized as having Stable 
Angina. Members of the Stable Angina group had undergone coronary angiography 
5 (catheterization) documenting the presence of coronary atherosclerosis. No ECG changes 
were detected, nor were increases in creatine kinase, MB levels or Troponin levels detected. 

No plaques - 13 Patients with normal coronary arteries. Members of flie '"No 
Plaques" group showed no evidence of coronary atheroscteosis following catheritization. 

An anti-glycan antibody profile was obtaiaed using GlycoChip™ arrays 
10 (Glycominds, Ltd., Lod, Israel, Cat No. 9100) constructed using procedures described m 
WOOO/49412. All sera samples were tested usmg GlycoChip™ plates (Glycominds Ltd, 
Lod , Israel, Cat No. 9100), which contained an array of covalently attached mono and 
oligosaccharide in a reduced volume 384 well micro titer plate. The list of the mono and 
oligosaccharide displayed on the array as well as their serial numbers are described in Table. 
15 4. 

Sera were diluted (1:20) m TBST dispensed into a GlycoChip™ plate usmg a Tecan 
Genesis Workstation 200 robot (10|jL/well) and incubated 30min at 25 degrees Celsius. Each 
glycan and semm sample on the plate was tested 8 times. 

The plates were washed with 250 loL/well of high salt buffer (0.15M KNa pH 7.2, 
20 NaCl 2M, MgS04 0.085M, 0.05% Tween20) in an automatic plate washer (Tecan, 

PowerWasher™). Ten ^d/well of biotmylated goat anti- human IgG, IgM or IgA (Jackson, 
PA, USA), l^g/ml in TBST, was dispensed manually and the plates incubated for 30 mm at 
25*^0. The plate was washed agam with high salt buffer. 

Streptavidin-conjugated Europium, Wallac, AD0062 (Ip/ml, lOpl/well) was added 
25 manually followed by incubation for 30 min at 25oC in the dark. Washmg of the plates with 
the high salt buffer was repeated. Delfia™ enhancement buffer, (Wallac, 730232, 10nl/well) 
was added to the wells and the plates were incubated at least 30 min m the dark. The 
fluorescence of the wells was read with Victor 1420 (Wallac) using time resolved 
fluorescence settings Emi. 612nm and Ext 340mn. 
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The glycan binding sdgnal obtained for the "'No plaque*' group was used to calculate 
cut-ofif values for each glycan above which patients were considered to be positive. These cut- 
off values were defined as the average signal of the '"No plaque" group plus one or two 
standard deviations. According to this definition a number of glycans were identified which 
5 had some degree of separating power between the patient groups (see below). "Separation" 
based on a certain glycan was defined as at least 50% (7/13) positive samples in the 'Unstable 
angina" or "Stable angina" groups, and 2 or less positive samples in the **No plaque" group. 

FIG. 16A is a matrix representation of glycans used to examine sera of patients 
suffering fi:om imstable or stable angina, the glycan stmctures are described in Table 4. 
10 Glycans against which significantly different antibody levels were measured in Ihe different 
patient groups are labeled with filled squares. At the cut-off level of average plus two 
standard deviations "Separation" was achieved with IgA binding to two different glycans. 
One separated betwem IgG antibodies, but none separated between IgM antibodies. 

The single glycans giving the best separations are presented below: 

15 



Glycans 


Result 


Unstable Angina 


Stable Angina 


No Plaque 




Positives 


7 


5 


0 


Ab 












Negatives 


6 


8 


13 




Positives 


1 


9 


1 


Fb 












Negatives 


12 


4 


12 



Some glycans that were not defined as "separating" still gave some degree of 
separation. When used in combinations, separation could be improved beyond that of the 
20 single glycans. The glycans are presented below 
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Glycans 










LinearCode 


Result 


Unstable Angina 


Stable Angina 


No Plaque 


Aa 


positives 


6 


2 


0 




negatives 


7 


11 


13 




DOs!tives 


1 


6 


0 


Xb 


negatives 


12 


7 


13 


Fa 


positives 
negatives 


5 
8 


3 
10 


1 

12 


A[3Slb 


positives 
negatives 


1 

12 


6 
7 


1 

12 


GNb4GNb 


positives 
negatives 


5 
8 


0 
13 


1 

12 



FIG. 16B is a graphic lepresentation showing levels of antibodies against 
5 glycans and #29 in the three patient groups. The box includes signals of 50% 
of the population. The thick and thin lines in the box represent the mean and 
median values, respectively. The boundary of the box closest to zero indicates the 
25th percentile, and the boundary of the box ferthest from zero indicates the 75fh 
percentile. Whiskers above and below the box mdicate the 90fh and 10th 
10 percentiles. 

FIG. 17 is a histogram showing the number of samples in the three patient groups 
positive for anti-IgA antibodies against glycan #2 or glycan #29. 

FIG. 1 8A is a histogram showing the distribution of antibody levels against glycans 
#2 and #15 in the three patient groups. The box includes signals of 50% of the population, 
1 5 The thick and thin lines in the box represent the mean and median values, respectively. Hie 
boundary of the box closest to zero indicates the 25th percentile, and the boundary of the box 
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farthest from zero indicates the 7Sth percentile. Whiskers above and below the box indicate 
flie 90ih and lOtfa percentiles. 

FIG. 18B is a histogram showing the number of samples in the three patient groups 
positive for anti-IgA antibodies against glycan #2 or glycan #15. At the cut-off level of 
5 average plus one standard deviation, "Separation" was achieved with IgA binding to 6 
different glycans. IgG and IgM antibody levels were not different in the three groups. 

The separation obtained with combinations is shown below (Aa was used because the 
number of positive sample in the "Stable Angina" group was lower than using Ab, thus 
improving separation vis-a-vis the 'Unstable Angina" group): 

10 



Glycans 
LinearCode 


Result 


Unstable Angina 


Stable Angina 


No Plaque 


Aa and GNb4GNb 


Positive with one 
of the glycans 


8 


2 


1 


Negative with 
both 


6 


11 


12 


Aa and Ga4Ga 


Positive with one 
of the glycans 


8 


5 


0 


Negative with 
both 


5 


8 


13 



The specificity and sensitivity of the test to detect 'Unstable angina" using Aa and 
GNb4GNb was thus 62% (8/13) and 88% (23/26), respectively. 

A combination of three glycans, Aa, GNb4GNb, and Fb made it possible to detemiine 
1 5 specificity also for the "Stable angina** group 75% (9/13). This stems firom the fact that Fb 
detects mostly "Stable angina*'. The specificity and sensitivity of the combined assay are 
summarized in FIG* 19. 

These results demonstrate that a combination of glycans (Gal (a), GlcNAc (P 1-4) 

GlcNAc (P) andFu(P) can be used to successfully distinguish between stable and unstable 

20 angina populations with a specificity of 62% and sensitivity of 88%. This results show that it 

-24^ 



wo 2004/015420 



PCT/IB2003/003878 



is possible to develop a biomaiker based on glycan binding IgA antibodies that distinguishes 
between Unstable and Stable Angina patients. 

Example 9. Use of antH^can antibodies to differmtiate between high risk 
5 atherosclerosis patients with vnlnerablCtplaques and low risli ath«-osderosis patients 
with stable plaques 

Levels of anti-glycan antibodies in flie sera of aflierosclerosis patients widi vulnerable 
plaques were conq)ared to levels of gfcfcan antibodies in sarum of atherosclerosis patients 
with stable plaques, as well as individuals wilhout atiierosclerosis. 
10 Atherosclerosis is a major cause of morbidity and mortalily in developed countries. It 

is a systemic disorder of blood vessel walls that leads to tiie development of atherosclerotic 
plaques on die blood vessel walls. Some of these plaques later become vutoerable to rupture, 
causing blood clots leading to heart attacks or stroke. 

The main components of atherosclerotic plaques are proteoglycans, lipids, muscle 
1 5 cells, and white blood cells (T-cells and maraophages). In addition, aliieroscleroas is 
perceived as an autoimmune disease where one of its initiators is cross reactivity between 
antibodies to bacterial antigens and tiie antigens on blood vessel walls. 

An important point in tiie developmrait of atherosclerosis is the shift from Stable 
Plaques (SP), which are associated wilh low risk, to inflamed Vulnerable Plaques (VP), 
20 which are associated widi high risk Differentiating between SP and VP is clinically 
problematic, as a conclusive distinction can be made only a by post- mort^n autopsy. 

Senun sanq)les where siqyplies by Dr. Jacob George from the cardiology department 
in the Tel Aviv Medical Center, Israel. All patients were non-diabetic males witii an age 
range from 30 to 69. 72 serum samples of patients from the following types were tested: 
25 Unstable Angina - 24 Atherosclerosis patients characterized as having Acute 

Coronary Syndromes (Q wave or non Q wave myocardial infeictions). Bofli are considered ti 
develop from rupture of vuhierable plaques. Members of tiie Unstable Angina group 
included acute coronary syndrome patients admitted witii chest pain and EGG changes or 
cardiac marker elevation. They complained of recent onset (<3 days) of angina and were 
30 subjected to continued electrocardiogram (ECG) telemetric monitoring during admission. At 
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least one episode of rest angina or an episode lasting more then 20nun during last 481ir was 
detected, along with an increase in creatine kinase, MB levels or Troponin levels. Members 
of this group had under^ne coronary angiography (catheterization), which documented the 
presence of coronaiy atherosclerosis. 

5 Stable Angina ~ 24 Atherosclerosis patients were characterized as having Stable 

Angina. Members of the Stable Angina group had undergone coronary angiography 
(catheterization) documenting the presence of coronaiy atherosclerosis. No £CG changes 
were detected, nor were increases in creatine kinase, MB levels or Troponin levels detected. 

No plaques - 24 Patients with normal coronaiy arteries. Members of the '"No 
10 Plaques" group showed no evidence of coronaiy atherosclerosis following catheritization. 

An anti-glycan antibody profile was obtained using GlycoChip™ arrays 
(Glycominds, Ltd., Led, Israel, Cat No. 9100) constmcted using procedures described in 
WOOO/49412. All sera samples were tested using GlycoChip™ plates (Glycominds Ltd., 
Lod , Israel, Cat No. 9100), which contained an array of covalently attached mono and 
15 oligosaccharide in a reduced volume 384 well micro titer plate. The list of the mono and 
oligosaccharide displayed on the airay as well as their serial numbers are described in Table 
4. 

Sera were diluted (1 :20) in TBST dispensed into a GlycoChip™ plate using a Tecan 
Genesis Workstation 200 robot (10)iL/welI) and incubated 30min at 25 degrees Celsius. Each 
20 glycan and serum sample on the plate was tested 8 times. 

The plates were washed with 250 pL/well of high salt buffer (0.15M KNa pH 7.2, 
NaC12M,MgS04 0.085M, 0.05% Tween20) in an automatic plate washer (Tecan, 
PowerWashCT™). Ten |il/well of biotinylated goat anti- human IgA (Jackson, PA, USA), 
l|ig/ml in TBST, was dispensed manually and the plates incubated for 30 min at 25^C. The 
25 plate was washed again wi& high salt buffer. 

Streptavidin-conjugated Europium, Wallac, AD0062 (l|a/ml, 10|nl/well) was added 
manually followed by incubation for 30 min at 25oC in the dark. Washing of the plates with 
the high salt buffer was repeated. Delfia™ enhancement buffer, (Wallac, 730232, lO^l/well) 
was added to the wells and the plates were incubated at least 30 min in the dark. The 
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fluorescence of the wells was read wifli Victor 1420 (Wallac) using time resolved 
fluorescmce settings Emi. 612nm and Ext 340nm. 

The cut off was calculated from the 80th percentile of the normal population 
.According to this definition a number of gjycans were identified which had some degree of 
5 separating power between flie patient groups (see below). "Separation" based on a certain 
glycan was defined as at least 50% (12/24) positive samples in the •"Unstable angina" or 
"Stable angina" groups, and 5 or less positive samples m the "No plaque" group. 



Qlycan LinearCode 




Unstable Stable 
Angina Angina 


No 

plaques 




Ga4Ga 


Positives 


12 


2 


5 




% Positives 


52 


8 


21 


Gb 


Positives 


19 


10 


5 




% Positives 


83 


42 


21 


ANa 


Positives 


13 


8 


5 




% Positives 


57 


33 


21 


ANb 


Positives 


15 


8 


5 




% Positives 


65 


33 


21 


GNb4GNb 


Positives 


13 


8 


5 




% Positives 


57 


33 


21 


Xa 


Positives 


21 


7 


5 




% Positives 


100 


29 


21 



10 These results demonstrate that a combination of glycans Glc (a 1 -4) Glc (a) ,Glc (P) 

, GalNAc (a) , GalNAc (P), GlcNAc (p 1-4) GlcNAc (P) and Xylose (a) can be used to 
success&Uy distinguish between stable and unstable angina populations. This results 
demonstrate that it is possible to develop a biomarker based on glycan binding IgA antibodies 
that distinguishes between Unstable and Stable Angina patients. 

IS Example 10. Binding of CD4+ cells to a plurality of glycans immobilized on a solid 
substrate 

Binding was examined of CD4+ cells from 7 healthy individuals to 47 different 
glycans fragments immobilized on a microarray. 

Materials and Methods 
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20 xnl of fiesh blood from each of Hit 7 individuals was drawn using lOnd EDTA- 
Vaccutaineis. Periph^l cell samples were centrifuged (230 x g, 900 RPM, 10 minutes at 
room temperature). The plasma was then separated and the top 2ml of the cellular firaction 
transferred to a 15ml tube. For enrichment of the CD4+ cells, 100|jl RosetteSep reagent was 
added to the tubes and incubated at room temperature for 20 minutes. The samples were then 
diluted two-fold in PBS/2% PCS and 5ml FicoU is layered under the cell suspension using a 
glass Pasteur pipette. 

Tubes were centrifuged for 30 minutes at room temperature, 2400 RPM (^^700 x g) 
widi the centrifuge brake off. After centrifugation, tubes were carefully removed firom 
centrifuge. The upper layer was genfly drawn oflF using a sterile pq>ette, leaving the 
lymphocyte layer undisturbed at the mter&ce. Using a sterile pipette the leukocyte fiaction 
was transferred to a clean tube, and tube was completely filled with PBS/2% PCS. The cells 
were washed twice again by centrifiigation for 10 minutes, 230 x g (1000 RPM) and re- 
suspended in PBS/2% PCS. Following centrifiigations, cells are re-suspended in 500(j1 
RPMI/1640 2% PCS. 

Cells were diluted in Turk solution 1:10 and counted. After counting, cells were 
diluted to a density of 5x10^ cells/ml in RPMI/1640 2% PCS, then plated in 24 well plate, 
Iml/well. Cell suspensions are incubated over night in 95% humidity, 37*'C, 5% CO2 
incubator. 

To determine cell separation yields by FACS sepearation, 250,000 cells were 
suspended in 1ml FACS bufiGsr and then centrifuged 10 minutes at 2000 RPM, 4**C. The 
supernatant was decanted. The cells were re-suspended in 50|il FACS buflfer and labeled 
Avifh 5)il of anti-CD4 antibody. Cells were incubated for 30 minutes on ice, covered firom 
light. 1ml of ice cold FACS buffer was added and centrifuged 10 minutes, 2000RPM, 4°C. 
Cells were then re-suspended in 300jxl FACS buffer, stored on ice and scored on a FACS 
machine. 

GlycoCbips were placed in slide holders in plastic vessels embedded with moist 
paper to retain humidify. Cell suspensions were plated at 1 .2|jl/well on the GlycoChip, then 
incubated in 5% CO2 incubator (95% humidify, 3TC) for one hour. After incubation, slides 
were genfly placed up-side down in centrifugation chamber immersed in PBS. GlycoChips 
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were centrifuged for two minutes at 700 RPM (minimal g force, -SO x g). Slides wete 
observed by microscope and fixed in PBS/3.7% formaldehyde at room temperature for at 
least 30 minutes. Slides were flien washed gently x3 in DDW and air dried. 

Propidium iodide solution was prepared in PBS and plated at 1.2|jl/well. GlycoChips 
5 were incubated under humid conditions for 1 5 minutes then gently rinsed x3 by dqjping in 
DDW. Slides were air dried in the dadc and scanned at propidium iodide settings Ext S35nm 
Emi. 65Snm on an airay scanner. The image was analyzed and cell densities were determined. 

Results 

The glycans and controls used for the binding studies are shown in FIG. 20 , below. 
10 The structure are written in Linear Code™ ^tax, see Table 1 for translation. 

A histogram showing the binding profile of CD4+ cells fix)m a single individual to 
various glycans is shown in FIG. 20. Shown is binding in DLU/mm^ for each of the 
glycans or controls is indicated. CD4+ cell binding to glycans or controls from the seven 
individuals is shown in FIGS. 21 A . FIG. 21 A shows the median relative fluorescence for 
1 5 CD4+ cells fix>m each of the seven individuals. 

These results demonstrate that binding of CD4+ cells varies between the various 
glycans. The strongest binding was observed to the following glycans, in their order of 
relative afiSnity: CD4+ cells bind the following glycans, presented in LinearCode ; 
NNa3Ab40Fa3)GNb > Mb4Gb > GNb4GNb > Ma3Ma > Ab6Ab. Binding of CD4+ cells 
20 to glycans with terminal mannose residues or with Sialyl Lewis X residues was also 
detected. Variation of CD4+ binding to particular glycans was also detected among the 
various individuals. 

OtherEmbodiments 

It is to be understood that while die invention has been described in conjunction with 
25 the detailed description thereof, the foregoing description is intended to illustrate and not 

limit die scope of the invention, which is defined by the scope of the appended claims. Other 
aspects, advantages, and modifications are within the scope of the following claims. 
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What is claimed is: 

1 . A method of diagaosing multiple sclerosis in a subject, the method comprising 
providing a test sample from a subject; 

detecting in said test sanq>le at least one antibody selected from the group consisting of 
an anti-Glc (a) antibody, an anti-Glc (a 1-4) Glc (a) antibody, an anti-Glc (a 1-4) Glc 
(p) antibody, an anti-Glc (P) antibody, an anti-Gal (p) antibody, an anti-Glc (P 1-4) Glc (P 1-4) 
Glc (P) antibody, an anti-GlcNAc (p 1-4) GlcNAc (p) antibody, an anti-L-Araf (a) antibody, an 
anti-L-Kha (a) antibody, an anti*Gal (pi-3) [GlcNAc (pl-6)] GalNAc (a)antibody, an anti-Gal 
(p 1-4) GlcNAc (a)antibody, an anti-Gal (p 1-3) GalNAc (a) antibody, an anti-Gal (P 1-3) 
GlcNAc (p) antibody, an anti-GlcA (P) antibody, an anti-GlcA (P) antibody, and an anti-Xyl (a) 
antibody; and 

comparing the levels of said at least one antibody in said test sample to the levels of said 
at least one antibody in a control sample, wherein said control sample is selected from the group 
consisting of one or more individuals that have multiple sclerosis symptoms and have a known 
multiple sclerosis status, and one or more individuals that do not show multiple sclerosis 
symptoms, 

thereby diagnosing multiple sclerosis in said subj ect. 

2. The method of claim 1, wherein said method comprises 
detecting an anti-Glc (a) antibody in said test sample; and 

comparing the levels of said antibody in said test sample to said control sample. 

3. The method of claim 1, whereiD said method comprises 
detecting an anti-Glc (a 1-4) Glc (a) antibody in said test sample; and 
comparing the levels of said antibodies in said test sample to said control sample. 
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4. The method of claim 1 , wherdn said method comprises 

detecting an anti- Glc (a 1-4) Glc (a) antibody and an anti-Glc (a) antibody in said test 
sample; and 

comparing the level of said antibodies in said test sample to said control sample. 

5. The method of claim 1, wherein said control sample consists essentially of a 
population of one or more individuals that have multiple sclerosis symptoms with a known 
multiple sclerosis status. 

6. The method of claim 1, wherein said test sample is a biological fluid 

7. The method of claim 6, wherein said biological fluid is whole blood, scnxm, plasma, 
spinal cord fluid, urine, or saliva. 

8. The method of claim 1, wherein said biological fluid is serum. 

9. The method of claim 1, wherein said subject is a female. 

10. The method of claim 1, wherein said subject is a male. 

1 1. The method of claim 1, wherein said at least one antibody is an IgM type antibody. 

12. The mefliod of claim 1, wherein said at least one antibody is an IgA type antibody. 
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13. The method of claim 1 , wherein said at least one antibody is an IgG type antibody. 

14. The method of claim 2, wherein said anti-Glc (a) antibody is an IgM type antibody. 

15. The method ofclaim 3, wherein said anti-Glc (a 1-4) Glc (a) antibody is an IgM 
type antibody. 

16. The method ofclaim 1, wherein said diagnosis is an early diagnosis of multiple 
sclerosis. 

17. The method ofclaim 1, wherein said control sample is determined using an 
Expanded Disability Status Scale (EDSS) assessment or a Magnetic Resonance Imaging (MRI) 
assessment. 

1 8. The method of claim 1 , wherein said control sample is determined using an 
Expanded Disability Status Scale (EDSS) assessment. 

19. The method ofclaim 1, wherein said method comprises detecting at least two of said 
antibodies. 

20. The method ofclaim 1, wherein said method comprises detecting at least four of said 
antibodies. 

2 1 . The method of claim 1 , wherein said method comprises detecting at least six of said 
antibodies. 
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22. A method of diagnosing a multiple sclerosis exacerbation in a subject, the 
method comprising 

providing a test sample from a subject; 

detecting an anti-Glc (a) IgM type antibody or an anti- Glc (a 1-4) Glc (a) IgM type 
antibody in said test sample; and 

comparing the levels of said antibody in said test sample to a control sample, wherein 
said control sample is derived from one or more individuals whose multiple sclerosis status is 
known, 

thereby diagnosing multiple sclerosis exacerbation in said subject 

23. Themethodof claim 22, wherein said method comprise 
detectiag an anti-Glc (a) IgM type antibody in said test sample; and 
comparing the levels of said antibody in said test sample to said control sanq)le. 

24. The method of claim 22, wherein said method comprises 

detecting an anti-Glc (a 1-4) Glc (a) a IgM type antibody in said test sample; and 
comparing the levels of said antibody in said test sample to said control sample. 

25. The method of claim 22, wh^ein said method comprises 

detecting an anti-a-Glucose IgM type antibody and an anti-Glc (a 1-4) Glc (a) a IgM 
type antibody in said test sample; and 

comparing the levels of said antibodies in said test sample to said control sample. 
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26. The method of claim 22, wherein said control sample consists essentially of a 
population of one or more individuals in remission multiple sclerosis status that do not show 
symptoms of a multiple sclerosis exacerbation, and a multiple sclerosis exacerbation is diagnosed 
in said subject if more anti-Glc (a) antibody or anti-Glc (a 1-4) Glc (a) antibody is present in 
said test sample than in said control sample. 

27. The method of claim 22, wherein said control sample consists essentially of a 
population of one or more individuals that their multiple sclerosis status in exacerbation, and 
show symptoms of a multiple sclerosis exacerbation, and a multiple sclerosis exacerbation is 
diagnosed in said subject if similar anti-Glc (a) antibody or anti-Glc (a 1-4) Glc (a) antibody 
levels is present in said test sample and in said control sample. 

28. The method of claim 22, wherein said test sample is a biological fluid. 

29. The method of claim 28, wherein said biological fluid is whole blood, serum, plasma, 
spinal cord fluid, urine, or saliva. 

30. The method of claim 28, wherein said biological fluid is serum. 

3 1 . The method of claim 22, wherein said subject is a female. 

32. The method of claim 22, wherein said subject is a male. 

33. The method of claim 22, wherein said diagnosis is an early diagnosis of multiple 
sclerosis exacerbation. 
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34. The method of claim 22, wherein said subject has been treated by subcutaneous 
administration of interferon beta* 

35. The method of claim 22, wherein said subject has been treated by subcutaneous 
administration of glitamerer acetate. 

36. A method for assessing multiple sclerosis disease severity in a subject, the method 
comprising 

providing a test sample from a subject; 

determining whether said test sample contains an anti-a Glucose IgM type antibody or an 
anti-Glc (a 1-4) Glc (a) IgM type antibody, and 

comparing the level of said at least one antibody in said test sample to a control sample, 
wherein said control sample is derived from one or more individuals whose multiple sclerosis 
disease severity is known. 

thereby assessing of multiple sclerosis severity in said subject. 

37. The method of claim 36, wherein said method comprises 
detecting an anti- Glc (a) IgM type antibody in said test sample; and 
comparing the levels of said antibody in said test sample to said control sample. 

38. The method of claim 35, wherein said method comprises 

detecting an anti-Glc (a 1-4) Glc (a) IgM type antibody in said test sample; and 
comparing the levels of said antibodies in said test sample to said control sample. 

39. The method ofclaim 35, wherein said method comprises 
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detecting an anti- Glc (a 1-4) Glc (a) IgM type antibody and an anti- Glc (a) IgM type 
antibody in said test sample; and 

comparing the level of said antibodies in said test sample to said control sample. 

40. The method of claim 36, wherein said control sample consists essentially of a 
population of one or more individuals whose multiple sclerosis disease severity is defined by 
Expanded Disability Status Scale (EDSS), changes in an EDSS score, or a Magnetic Resonance 
Imaging (MRI) assessment 

41. The method of claim 36, wherein said test sample is a biological fluid. 

42. The method of claim 41 , wherein said biological fluid is whole blood, serum, plasma, 
spinal cord fluid, urine, saliva. 

43. The method of claim 41, wherein said biological fluid is serum. 

44. The method of claim 36, wherein said subject is a female. 

45. The method of claim 36, wherein said subject is a male. 

46. The method of claim 36, further comprising selecting a therapeutic agent for treating 
multiple sclerosis, the method comprising 

determining whether said test sample contains anti Glucose a antibody ; and 

selecting a therapeutic agent and dosage regimen based on the relative levels of said 
antibody in said subject sample and said control sample. 
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47. The method of claim 46, wherein said method further comprises 

determining whether said test sample contains an anti-Glc (a 1-4) Glc (a) antibody, and 

comparing the levels of said an anti-Glc (a 1-4) Glc (a) antibody in said test sample to 
levels of antibody in a control sample consisting essentially of one or more individuals whose 
multiple sclerosis status is knowzL 



48. A kit for diagnosing symptoms associated with multiple sclerosis, the kit comprising: 
a first reagent that specifically detects an anti-Glc (a 1-4) Glc (a) antibody; 
a second reagent that q)ecifically detects an anti-Glc (a 1-4) Glc (a) antibody, and 
directions for using said kit. 



49. The kit of claim 48, fiirther con5)rising a reagent that specifically detects an IgM type 
antibody. 
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Figure 6 
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wo 2004/015420 



16/24 



PCT/IB2003/003878 



< 
a> 



CM GO ^ O 











5> . -hi 








% 
^ % 
% 



CM 00 O 

T- 



CM 00 o 



wo 2004/015420 



17/24 



PCT/IB2003/003878 




wo 2004/015420 



18/24 



PCT/IB2003/003878 




wo 2004/015420 



19/24 



PCT/IB2003/003878 




wo 2004/015420 



20/24 



PCT/IB2003/003878 




wo 2004/015420 PCT/IB2003/003878 

21/24 



wo 2004/015420 



22/24 



PCT/IB2003/003878 



he 




3 




O 
CO 



u> 

CM 



o 

CM 



— 1— 



dN4p^ 

dNdSnd 

dMilffBO 

dNlta»«9 

dhldliqo 

dNdfqE)t>q9 

dNdlQEMqOMO 

dNcJ-pjaoA© 

dNdRMD 

dNd#qN9MM9 

dNdfBH 
dNdfqi 

dKrilBNN 
dNdfBU 

dNdnn 

dNdffX 
dN4nK 

dNd|BwC9qKE»SW 

dNdmsMtf 

dN4fqNgW 

dN4n9»qn 

dr^NVSONO 

dNd«qV3^ 

dNdfeiwem 



dNdWNSWVBNN 

dNd«q(69]MD 

eptsjqiAUiujei 

dNdels^ 

IscpiJeaudNd 



to 



suo!||i|/\| 



.ului/ma 



wo 2004/015420 



23/24 



PCT/IB2003/003878 



i 



s 

> 

C 

O 
(0 o 

+ o 

IS 
.9 w 

5 s 



• • mm 
• # 
•••• • 

• •••• 

m 

• ••• 

• mm 



• !• • • 

• ••• 

mm 
•••• 



• • • 



• •••• • 

• • • 
m m m 



• • • • 
• • •••• • 

% m m 
• m ••m 

• • mm 

mm 









+ 


+ 


+ 


a> 






CO 


CO 


CM 



+ 

<D 
CM 



(l> 



—1 nr- 

CD 

(D O 

in 



wo 2004/015420 



24/24 



PCT/IB2003/003878 




wo 2004/015420 PCT/IB2003/003878 

1/6 

Tables and Figures: 



Table 1. Saccharides displayed on the glycan array 





lUrAu 


UNEARCODc® 


Common Name 


0 


piNr-Uxl 


pNP-0 




1 


uai(a) 


Aa 




2 


Gal 0) 


AD 






Ual (p N3) GalNAc (a) 


AD3ANa 




A 


ual (P 1-3) GlcNAc (p) 


Ad3GNd 




i; 


Gal (P 1-4) Glc (p) 


AD4GD 


Lactose 


fi 

V 


Ual (P I -6) Gal (p) 


A U.^ A U. 




7 


GalNAc (a) 


ANa 




ft 
w 


GalNAc (P) 


AND 




Q 


Fuc (a) 


Fa 




in 


Fuc (P) 


Fd 




11 
1 1 


Glc (a) 


Ga 




1^ 


Glc (a 1-4) Glc (a) 


Ga4Ga 


Maltose 


1^ 

to 


Glc (a 1 -4) Glc (P) 


Ga4GD 






Glc(P) 


Gb 




1R 


Glc (P 1 -4) Glc (P) 


Gb4Gb 


Cellobiose 


lO 


Glc (p 1-4) Glc (P 1-4) Glc (p) 


Gb4Gb4Gb 


Cellotriose 


17 


Glc (p 1-4) Glc (P 1-4) Glc (p M) Glc 


Gb4Gb4GbGb4Gb 


Cellopentaose 


1ft 


Glycerol 


Glycerol 




iy 


GlcNAc (a) 


GNa 




OA 


GlcNAc (P) 


GNb 




o^ 
^1 


GlcNAc (P 1-3) GalNAc (a) 


GNb3ANa 






GlcNAc (P 1-4) GlcNAc (P) 


GNb4GNb 


Chitobiose 


oo 


I^Rha (a) 


Ha 




Z4 


GalA (P) 


Lb 




op; 
ZO 


Man (a) 


Ma 




Oft 


Man (P) 


Mb 




Z/ 


Neu5Ac (a) 


NNa 




OQ 

Zo 


L-Araf(a) 


Ra 




OQ 


GlcA (P) 


Ub 




on 


X(a) 


Xa 




O 1 


X(P) 


Xb 


• 


OO 

oZ 


Gal (Pl-3) [GlcNAc (Pl-6)] GalNAc (a) 


Ab3(GNb6)/VNa 




QO 


Gal (P 1-4) GlcNAc (a) 


Ab4GNa 




34 


Ual ^Ul»0^ Vjai ^p 1-4^ VJlClNAC \p) 




Lrinear ti-z 


35 


Gal (Pl-3) Gal (pi-4)GalNAc (P) 


Ab4GNb 


N-Aoetyl 


36 


Man (pi-4) GlcNAc (p) 


Mb4Gb 




37 


GlcNAc (pi-6)GalNAc (a) 






38 


Fuc (a 1-2) Gal (p) 


Fa2Ab 




39 


NeuSAc (a2-3) Gal (P 1-4) [ Fuc (a 1- 


NNa3/\b4(Fa3)GNb 


Sialyl Lewis X 


40 


Man (a 1-3) Man (a) 


Ma3Ma 




41 


GlcNAc (P) 6-sulfate 


GN[6S]b 




42 


Glc (P 1-3) Glc(P) 


Gb3Gb 
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43 


Gal(P) 3-suIfate 


A[3S]b 




44 


NeuSAc (al-3) C3al (p 1-4) GlcNAc (P) 


NNa3Ab4GNb 


Sialyl lactosamine 


45 


Man (a 1-3) [Man (al-6)] Man (P) 


Ma3(Ma6)Mb 




46 


NeuSAc (al-3) Gal (P 1-4) Glc (P) 


NNa3Ab4Gb 


Sialyl lactose 


47 


GlcNAc (B 1-3) Gal {al-4) Glc (P) 


GNb3/U>4Gb 


Lacto-3 


48 


Gal{al-4)Gal(pl-4)Glc(P) 


Aa4Ab4Gb 


Pk antigen 


49 


NeuSAc (al-6) Gal (P M) GlcNAc (P) 


Ik. Ilk. A W if k 1 W 

NNaoAD4GND 




50 


Gal (a 1-4) [Fucp (a 1-3)] GlcNAc (b) 


/\b4(Fa3)GNb 


LevAs X 


51 


NeuSAc (al-3) Gal (p 1-4) [Fuc (al-3] 


NNa3/\b3(Fa4)GNb 


Sialyl Lewis A 


52 


Man (a 1-6) Man a 


Ma6Ma 




53 


NeuSAc (al-3) Gal (p 1-3) GlcNAc (P) 


NNa3Ab3GNb 


Sialyl Lewis c 


54 


NeuSAc (al-3) Gal (P 1-3) GalNAc (a) 


NNa3Ab3/UMa 


SIT antigen 
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Table 2. Number of positive samples having binding signals above fhe 97% percentile 
of healttiy population. 



Glycan 


Result 


MS 


Healthy 


Glc(a) 


Positive 


19/42(45%) 


2/44 (4.5%) 


Negative 


23/42 (55%) 


42/44 (96%) 


Glc (a 1-4) Glc 
(a) 


Positive 


20/42 (48%) 


2/44 (4.5%) 


Negative 


22/42 (52%) 


42/44 (96%) 


Glc (a 1-4) Glc 
(a) OR Glc (a) 


Positive 


25/42 (60%) 


3/44 (6.8%) 


Negative 


17/42 (40%) 


41/44 (93%) 



Table 3. Number of positive samples having binding signals above the 80% percentile 
of "stable" MS population. 



Glycan 


Result 


Attack 


Stable 


Healthy 


Glc (a) 


Positive 


15/18(83%) 


5/24(21%) 


2/44 (4.5%) 


Negative 


3/18(17%) 


19/24 (79%) 


42/44 (96%) 


Glc (a 1-4) Glc 
(a) 


Positive 


13/18(72%) 


5/24 (21%) 


2/44 (4.5%) 


Negative 


5/18 (28%) 


19/24(79%) 


42/44 (96%) 


Glc (a 1-4) Glc 
(a) OR Glc (a) 


Positive 


16/18(89%) 


7/24 (29%) 


2/44 (4.5%) 


Negative 


2/18(11%) 


17/24)71%) 


42/44 (96%) 
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Table 4: 



No. 


LinearCode^ 


1 i 




2 i 


(\a 


3 i 


^a3Ab46Nb 


4 t 


^a4Ab4Gb 


5 




6 


^3(GNb6)ANa 


7 


M)3ANa 


8 


M>36Nb 


9 


Ab4(Fa3)GNb 


10 


Ab4Gb 


11 


Ab4GNb 


12 


AbSAb 


13 


ANa 


14 


AJMb 


15 


Fa 


16 


Fa2Ab 


17 


Fb 


18 


Ga 


19 


Ga4Ga 


20 


Ga4Ga 


21 


Gb 


22 


Gb3Gb 


23 


Gb4Gb46b 


24 


GN[6S]b 


25 


GNa 


26 


GNb 


27 


GNb3Ab4Gb 


28 


GNb3ANa 


29 


GNb4GNb 


30 


GNbSANa 


31 


Ha 


32 


Lb 


33 


Ma 


34 


Ma3(Ma6)Mb 


35 


MaSMa 


36 


Ma6Ma 


37 


Mb 


38 


Mb4Gb 
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NNa3Ab3(Fa4^GNlb 


■tu 


NNa3Ab3ANa 


■r 1 


NNa3Ab3GNb 




NNa3Ab4Gb 




NNa3Ab4GNb 




NN a6Ab4GISlb 




OH 




rxa 


47 


NNa3Ab4(Fa3)6Nb 


48 


Ub 


49 


Xa 


50 


Xb 



wo 2004/015420 



6/6 



PCT/IB2003/003878 



Tables 



Table 5. Saccharides displayed on glycan array and level of anti-glycan 


isiycan imo* 


laiycaii 


Linear CodeC^^ 


Ab Binding (RFU)^ 


Relative Ab 


n 
u 


nAD 




NA 


NA 


1 


/"-si /-^\ 


Aa 


181.069 


10 


o 


faai Cp) 


Ab 


119,034 


14 , 






AbSAna 


52,853 




A 




Ab3GNb 


58,239 




e 
0 


f^al /ft CSir /ft\ 


Ab4Gb 


92,170 




O 


rial /ft CsA /ft^ 


Ab6Ab 


151,313 


11 


1 


f^alMAr /r»"\ 


ANa 


64,429 




o 
0 


/^alMA/- /ft\ 
UdlltnC ^PJ 


ANb 


57,832 




in 


ruv* 


Fa 


47,727 




1 1 


rue ^p; 


Fb 


63.782 




10 


/5lr lrt\ 


Ga 


109,091 




1 'X 




Qa4Ga 


80.024 




lyl 


laic V^) olC VP/ 


Ga4Gb 


127,694 


13 


1C« 

10 


nXr /ft\ 

V3iC (p; 


Gb 


112,513 




ID 


olC ^p 1-^/ IjIC VP/ 


Gb4Gb 


239,830 


9 


1 1 


oic ^p 1*^; uic VP A-*tj 


Gb4Gb4 


284,361 


7 


•in 


/2i/» /ft 1 /ft 1 -4^ 


Gb4Gb4 


311,235 


5 


ly 




Glycerol 


52,884 






oIClNAVC \ fX) 


GNa 


1,031.130 


1 


21 


oia>i/\c VP/ 


GNb 


311.341 


4 


00 


/!:l/-WA/» /ft 1 rialWAr 
oiaMAC VP odllMMC 


GNb3A 


294,624 


6 




oIunAC VP *^/ uluwC 


GNb4G 


433,604 


3 


z4 




Ha 


662,337 


2 


OK 


VjdlA ^pj 


Lb 


96.601 




26 


Man (a) 


Ma 


83,647 




27 


Man (P) 


Mb 


77,533 




28 


NeuSAc (a) 


NNa 


52,028 




29 


L-Araf(a) 


Ra 


51,230 




30 


GIcA CP) 


Ub 


56,719 




31 


X(a) 


Xa 


55,806 




32 


X(a) 


Xb 


78,776 




33 


Gal (pi-3) [GlcNAc 


Ab3(GN 


.84,080 




34 


Gal (P 1-4) GlcNAc (a) 


Ab4GNa 


143,036 


12 


36 


Gal (pl-3) Gat (pi- 


Aa3Ab4 


268,549 
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AMENDED CLAIMS 

[received by the International Bureau on 08 March 2004 (08.03.04); 
origmal claims 1-49 replaced by new claims 1-57 (8 pages)] 

Wiiat U claimed is: 

5 i. A method of diagnosing mulliplc sclerosis in a subject, the method comprising 

providmg a test sample from a subject; 

detecting in said test sample an anti-Glc (a 1-4) Glc (a) antibody; and 
completing the levels of said antibodies in said test sample to a control sample, wherein said 
control sample is selected from the group consisting of one or more individuals that have 
10 mullii)Ic sclerosis symptoms and have a known multiple sclerosis status, and one or more 
individuals that do not show multiple sclerosis symptoms, 
thereby diagnosing multiple sclerosis in said subject 

2. The method of claim 1, wherein said method furth^ comprises detecting a second 
1 5 antib<vdy selected from Iho group consisting of an anti-GIc (a) antibody, an anti-Glc (a 1 -4) 

Glc ((0 antibody, an anti-Glc (p) antibody, an anti-Gal (P) antibody; an anti-Glc (P 1-4) 01c 
(p l-^l) Glc (p) antibody, an anti^GlcNAc (p 1-4) GlcNAc (p) antibody, an anti-L-Araf (a) 
antiU'^dy, an anli-L-Rlia (a) antibody, an anti-Gal (pi'3) [GJcNAc (pl-6)] GaJNAc 
(a)amibody, an anti-Gal (p 1-4) GlcNAc (a)antibody, an anti-Gal (P 1-3) GalNAc (a) 

20 antibiKly, an anti-Gal (p 1-3) GlcNAc (p) antibody, an anti-GlcA (P) antibody, an anti-GlcA 
(P) aritibody, and an anti-Xyl (a) antibody; and 

comparing the levels of the second antibody in said test sample to the levels of the 
second antibody in a control sample, wherein said control sample is selected from the group 
consisting of one or more individuals that have multiple sclerosis symptoms and have a 

25 knov^n multiple sclerosis status, and one or more individuals that do not show multiple 
sclerosis symptoms, 

thereby diagnosing multiple sclerosis in said subject. 

3. Thcmethodofclaim2, wherein the second antibody is an anti-Glc (a) antibody. 

30 

4. The method of claim 1, wherein said control sample consists essentially of a 
population of one or more individuals tliat do not show multiple sclerosis symptoms. 
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5. The method of claim 1, wherein said control sample consists essentially of a 
populr^ilon of one or more individuals that have multiple sclerosis symptoms with a known 
mullip!o sclerosis status. 

5 6, The method of claim 1, wherein said test sample is a biological fluid, 

7, The method of claim 6, wherein said biological fluid is whole blood, serum, 
plasm.!, spinal coM fluid, urine, or saliva. 

10 8. The method of claim I, wherein said biological fluid is serum. 

9. The method of claim 1, wherein said subject is a female. 

10. The method of claim 1, wherein said subject is a male, 

15 

1 1 . The method of claim 1, wherein said at least one antibody is an IgM type 
antibvKly» 

12. The method of claim I, wherein said at leest one antibody is an IgA type 
20 antib*>(]y. 

1 3. The method of claim 1 , wherein said at least one antibody is an IgG type 
antib>dy. 

25 14. The method of claim 2, wherein said anti-Glc (a) antibody is an IgM type 

antll'jody, 

15. The method of claim 1, wherein said anti-Glc (a 1-4) Glc (a) antibody is nn TgM 
type antibody. 

30 

16. The method of claim 1, wherein said diagnosis is an early diagnosis of multiple 
sclerosis. 

47 

AMENDED SHEET (ARTICLE 19) 



wo 2004/015420 



PCT/IB2003/003878 



17. The method of claim I, wherein said control sample is determined using an 
Expanded Disability Status Scale (EDSS) assessment or a Magnetic Resonance Imaging 
(MRl)*isscssmcnt. 

5 18, The method of claim 1 , wherein said control sample is determined using an 

ExpaufJed Disability Status Scale (EDSS) assessment, 

19- The method ofclaim I, wherein said method comprises detecting at least two of 
said antibodies. 

10 

20. The method ofclaim 1, wherein said method comprises detecting at least four of 
said autibodies. 

21. The metliod ofclaim 1, wherein said method comprises detecting at least six of 
15 said antibodies. 

22. A method of diagnosing a multiple sclerosis exacerbation in a subject, the method 
compi ising 

providing a test sample from a subject; 

20 dctccUng an anti- Qlc (a 1-4) Qlc (a) IgM typo antibody in said test sample; and 

comparing the levels of said antibody in said test sample to a conlrol sample, wherein 
said control sample is derived from one or more individuals whose multiple sclerosis status is 
knowa, 

thereby diagnosing multiple sclerosis exacerbation in said subject, 

25 

23* The method ofclaim 22, wherein said control sample consists essentially of a 
population of one or more individuals that have multiple sclerosis symptoms with a known 
multiple sclerosis status. 

30 24. The method of claim 22, wherein said method comprises 

detecting an anti-Glc (a U4) Glc (a) a TgM type antibody and an anli-Glc (a) IgM type 
antibody in said test sample; and 

comparing the levels of said antibody in said test sample to said control sample. 
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25. The method of claUTi 22, wherein said method comprises 

detecting an anti-a-Glucose IgM typo antibody and an and-Glc (a 1-4) Glc (a) a IgM lypc 
antibody in said tost sample; and 
5 compriWng the levels of said antibodies in said tost sample to said control sample. 

26. The method of claim 22, wherein said control sample consists essentially of a 
populaJion ofone or more individuals in remission mulliplc sclerosis status that do not show 
symploins of a multiple sclerosis exacerbation, and a multiple sclerosis exacerbation is 

10 diagnoiijcd in said subject if moro anti-Glc (a) antibody or anti-Glc (a 1-4) Gle (a) antibody is 
present in said test sample than in said control sample, 

27. The method of claim 22, wherein said control sample consists essentially of a 
population ofone or more individuals that their multiple sclerosis status in exacerbation, and 

1 5 show i4ymptoms of a multiple sclerosis exacerbation, and a multiple sclerosis exacerbaiion is 
diagnosed in said subject if similar anti-Glc (a) antibody or anti-Glc (a M) Glc 
(a) atidbody levels is present in said test sample and in said control sample. 

28. The method of claim 22, wherein said test sample is a biological fluid 

20 

29. The method of claim 28, wherein said biological fluid is whole blood, scrum, 
plasn)t\, spinal cord fluid, urine, or saliva. 

30. The method of claim 28, wherein said biological fluid is scrum, 

25 

31. The method of claim 22, wherein said subject is a female. 

32. The method of claim 22, wherein said subject is a male. 

30 33. The method of clahn 22, wherein said diagnosis is an early diagnosis of multiple 

selerwsis exacerbation. 
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34. The method of claim 22, wherein said subject has been treated by subcutaneous 
admiiiii>>tration of interferon beta. 

35. The method of claim 22, wherein said subject has been treated by subcutaneous 
5 admhustration of glitaraerer acetate. 

36. A method for a.<3sessing muUiplc sclerosis disease severity in a subject, the method 
comp{ ising 

"providing a test sample from a subject; 

10 dctcrinining whether said lest sample contains an an anti-Glc (a 1-4) Glc (a) JgM typo 
anliboily; and 

comp uing the level of said at least one antibody in said lest sample to a control sample, 
wherein said control sample is derived from one or more Individuals whoso multiple sclerosis 
disea.^o severity is known. 
1 S thereby assessing of multiple sclerosis severity in said subject. 

37. The method of claim 36, wherein said control sample consists csscnlially of a 
popiil ition of one or more individuals that have multiple sclerosis symptoms with a known 
muhipic sclerosis status. 

20 

38. The method of claim 36, wherein said method comprises 

detecting an anti-Glc (a 1-4) Glc (a) IgM type antibody and an anti-Glc (a) IgM 
type antibody in said test sample; and 
comj*aring the levels of said antibodies in said test sample to said control sample. 

25 

39. The method of claim 37, wherein said method comprises 

detecting an ar\ti- Glc (a 1-4) Olc (a) IgM type antibody and an anti- Glc (a) IgM type 
antilvody in said test sample; and 

comparing the level of said antibodies in said test sample to said control sample. 

30 

40. The method of claim 36, wherein said control sample consists essentially of a 
pop\ilatlon of one or more individuals whose multiple sclerosis disease severity is dellncd by 
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Expaivlcd Disability Status Scale (EDSS), changes in m EDSS score, or a Magnetic 
Resojnnce Imaging (MRI) assessment, 

41- The method of claim 36, wherein said test sample is a biological fluid, 

5 

42. Tlie method of claim 41, wherein said biological fluid is whole blood, serum, 
plasnvi, spinal cord fluid, urine, saliva. 

43. The method of claim 41, wherein said biological fluid is scrum. 

10 

44. The method of claim 36, wherein said subject is a female, 

45. The melhod of claim 36, wherein said subject is a male, 

46. The method of claim 36, further comprising selecting a therapeutic agent for 
trealir^g multiplo sclerosis, the method comprising 

dctcnnining whether said test sample contains anti Glucose a antibody ; and 

selecting a therapeutic agent and dosage regimen based on the relative levels of said 
antibody in said subject sample and said control sample. 

47. The method of claim 46, wherein said method further comprises 
detcj itiining whether said test sample contains an anti-Glc (a 1-4) Glc (a) antibody; and 
comparing the levels of said an anti-Glc (a 1-4) Glc (a) antibody in said test sample to levels 
of aiii ibody in a control sample consisting essentially of one or more individuals whose 
muUiplc sclerosis stjitus is Icnown. 

48. A kit for diagnosing symptoms associated with multiple sclerosis, the kit 
comiu'ising: 

a first reagent that specifically detects an anti*Glc (a 1-4) Glc (a) antibody; 
30 A second reagent that specifically detects a second antibody selected from the group 
conb[sting of an anti-Glc (a) antibody, an anti-Glc (a 1-4) Glc (P) antibody, an anti-Glc 
(p) j-ntibody, an anti-Gal (p) antibody; an anti-GIc (p 1-4) Glc (P M) Glc (p) antibody, an 
anli GlcNAc (p 1-4) GlcNAc (p) antibody, an anti-L-Araf (a) antibody, an anti-L-Rha (a) 

51 

AMENDED SHEET (ARTICLE 19) 



wo 2004/015420 



PCT/IB2003/003878 



antibody, an anti^Gal (pi-3) [GlcNAc (pl-6)] GalNAc (a)antibody, an anli-Gal (p J-4) 
GloNAc (a)antibody, an anti-Gal (p 1-3) GalNAc (a) antibody, an anti-<jal (P 1-3) GlcNAc 
(P) anlibody, an anti-GIcA (P) antibody, an anli-GlcA (p) antibody, and an anti-Xyl (a) 
anlibo<iy; and 
5 dLcctions for using said kit. 

49. The kit of claim 48, further comprising a reagent that specifically detects an IgM 
type nritibody. 

10 51)- A substrate comprising a reagent that detects an antibody specific for Glc(a 1-4) GIc 

(a). 

5 1 . The substrate of claim 50, further comprising a reagent that detects an antibody 
selected from the group consisting of an an anti- Olc (a 1-4) GIc (a) antibody, an antt- Glc 

15 (a 1 -'O Glc (p) antibody, an anti - Glc (p) antibody, an anti- Gal (p) antibody; an anti- Glc 
(p l-'l) Glc (P M) GIc (p)antibody, an anti- GlcNAc (p 1-4) GlcNAc (P)antibody, an anti - 
L-Araf (a)antibody, an anti - L-Rha (a)antibody, an anti - Gal (pi -3) [GlcNAc (pi -6)] 
GalNy\c (a)antibody, an anti - Gal (p 1-4) GlcNAc (a)antibody, anti-Glc (a) antibody, an 
anti- CJal (p 1-3) OalNAc (a), an anti- Gal (P 1^3) GlcNAc (p), an anil- GlcA (P) antibody, or 

20 an anil- GlcA (P) antibody, and an anti- Xyl (a) antibody, 

5:1. The substrate of claim 50, further comprising a regent tliat detects an anti-Glc 
(a) t«ntibody, 

25 f/i. The substrate of claim 50, fijrdier comprising a reagent that detects an anti-L-Rha 

(a) r»utibody, 

54. The substrate of claim 52, fiirther comprising a reagent that detects an anti-L-Rha (a) 
antibody. 

30 

'35. The substrate of claim 50, >vherein said substrate is planar, 
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5C. The substrate of claim 50> wherein said substrate is provided as a well of a niicro- 
iileri>l'il:e. 

57. The substrate of claim 50, wherein said reagent is a monosaccharide or 
oUg05;:*ccharide. 
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